An aneurysm is a dilatation of a vascular lumen due to weakness of all vessel wall layers. Most cerebral aneurysms probably result from hemodynamicallyinduced degenerative vascular injuries by abnormal hemodynamic shear stresses on the walls of large cerebral arteries, particularly at bifurcation points. It has been reported that 90% of all intracranial aneurysms arise from the anterior circulation (1, 2) . Most aneurysms are asymptomatic until they rupture; when aneurysms rupture, they are associated with significant morbidity and mortality. About 15% of patients die before reaching the hospital. The 30-day mortality rate is 45%. Approximately one-half of the survivors sustain irreversible brain damage. Although few cases have been reported to resolve spontaneously in unruptured intracranial aneurysms (UIAs), direct treatment is usually recommended and should be treated in ruptured aneurysms (3) (4) (5) (6) .
The true incidence of intracranial aneurysms is unknown, but is estimated at 0.4-6% of the population (7) . The rate of SAH due to rupture of intracranial aneurysms is 6-8 per 100,000 in Western countries and 7-11 per 100,000 in Korea (2, 3, (8) (9) (10) (11) . Ruptured aneurysms can be treated by microsurgical clipping or endovascular coiling because in so doing, the risks and benefits of further bleeding are prevented (2, 9, 10) . In 1990, the Guglielmi detachable coil (GDC; Boston Scientific/Target Therapeutics, Freemont, CA, USA) was introduced, and the coil was approved by the US Food and Drugs Administration (FDA) 5 years later (9) . Since 1995, coiling has become widely used in ruptured aneurysms and UIAs, and many studies have reported comparisons between clipping and coiling.
The International Subarachnoid Aneurysm Trial (ISAT) was a multicenter prospective randomized trial comparing clipping and coiling in 2002 and 2005. According to the results, the outcome in terms of survival free of disability at 1 year, was significantly better and maintained for up to 7 years with endovascular coiling (10, 12) . The results of ISAT have affected the approach to patients with cerebral aneurysms, not only with respect to the treatment mode, but also resource allocation (2) . However, the long-term efficacy of these two treatment modalities remains controversial. The purpose of this review based on published results was to understand the two treatment modalities (coiling and clipping) and to clarify which treatment modality will provide the best outcome with the lowest risk for each patient type.
Management Philosophy
Determining a treatment approach to ruptured aneurysms and UIAs is influenced by several factors, such as patient status and aneurysm characteristics (10, 12, 13) . The indications for treatment of aneurysms were as follows: 1) all ruptured aneurysms; 2) for UIAs, symptomatic intradural UIAs of all size, coexisting or remaining aneurysms of all sizes in patients with SAH due to another treated aneurysm, young patients with UIAs < 10 mm in size, small aneurysms approaching the 10 mm size, UIAs with daughter sac formation and other unique hemodynamic features, patients with a positive family history of SAH or aneurysms, and asymptomatic aneurysms ≥ 10 mm in size (13) . The main treatment methods are coiling and clipping; a recently combined approach can lead to better outcomes than a single modality (14, 15) . Treatment outcome is assessed by morbidity, mortality, and functional outcome with the use of validated scales (13) . Patient age is a strong predictor of surgical outcome, and the size and location of an aneurysm predict both surgical and endovascular outcomes (13, 16, 17) . The choice of modality depends upon the risks and benefits of each treatment.
Microsurgical Treatment (Clipping)
Until recently, clipping has been the definitive treatment modality because the rate of complete obliteration of aneurysms is 82-96.4% (8, 10, 12, 18) . Some aneurysms can be managed more safely by clipping, as follows: aneurysms > 20 mm and < 2 mm in size, blister aneurysms, fusiform aneurysms in a vessel that does not have collaterals, 2 or more critical branches in the aneurysmal neck, critical branches from the sac or fundus of the aneurysm, tortuous intracranial arteries, patients < 40 years of age, and aneurysms located in the middle cerebral artery (3, (18) (19) (20) (21) (22) (23) . Alternatively, clipping is less effective when the patient is elderly, the aneurysm is located in the posterior circulation, and in patients with poor health status on admission (24, 25) . Sometimes, aneurysmal remnant or vessel occlusion develops in large aneurysms, in patients with cerebrovascular atherosclerosis, or after multiple attempts to place clips. Also, there is a higher risk of secondary cerebral ischemia and surgical complications, such as intra-operative rupture, major vessel occlusion, cerebral contusion, or intracerebral hematomas (26, 27) . The surgical morbidity and mortality have been reported to be 2.5-17% (27) (28) (29) .
Endovascular Treatment (Coiling)
Since GDC was introduced, endovascular treatment of intracranial aneurysms has been rapidly undergoing major developments worldwide. This treatment method could avoid craniotomy and is associated with a decreased recovery time. There are some disadvantages to coiling, such as a high rate of incomplete obliteration and recurrence rate, a high risk of rebleeding, increased costs, and the need for angiographic follow-up (3, (29) (30) (31) . In the early days of coiling, indications for endovascular treatment were restricted to the surgically "difficult" or inoperable lesions, lesions in the posterior circulation, refusal to undergo surgery, and old age. However, with abundant experience and the development of devices and techniques, the indications for coiling have widened (9, 18, 20) . Currently, this treatment has gained wide acceptance as a first treatment option, especially after a large study that compared clipping to coiling showed favorable results (10, 32) . Many studies have been reported involving comparisons of efficacy and effectiveness between coiling and clipping. Most of these studies have demonstrated better outcome than surgery, but the long-term efficacy of coiling is not proven.
Ruptured Aneurysms
The prognosis of ruptured aneurysms is poor; about one-half of the patients die due to SAH or to secondary complications, and many survivors need rehabilitation or skilled nursing facility (3, 8, 28, 32) . The policy of early aneurysm occlusion has led to progressively lower rates of rebleeding (8, 10) . Based on previous reports by advocates of endovascular coiling, coiling is considered to have the same or better efficacy than clipping; however, many biases exist in the reports. Both methods are suitable for treatment of ruptured intracranial aneurysms and there is consensus on this issue. Nevertheless, there is disagreement regarding which method is more favorable.
Vasospasm and Infarction
Vasospasm and infarction are the major causes of death and disability after SAH (3, 33) . The incidence of vasospasm is 70%, and 40% of these patients are symptomatic. Also, vasospasm is significantly more frequent in patients with ruptured aneurysms because it is related to the presence of adherent clots along cerebral arteries, and leads to vasospasm and infarction (3, 8, 12, 27) . The risk of infarction is higher in patients with vasospasm and in those with clipping. Infarction and vasospasm more often develop in clipped patients than coiling, but the difference is not significant (8, 12, 27, 34) . Vasospasm and infarction develop more frequently in patients with clipping despite early and clear removal of blood in the subarachnoid space by surgery, suggesting that surgical manipulation of the arteries causes local vasospasm that leads to ischemic deficits (3, 8, 27) . Vasospasm, treatment modality, and aneurysm rupture are predictors for cerebral infarction, but treatment modality and aneurysm rupture have been shown to have less of an impact (3, 8, 12, 27, 34, 35) .
Hydrocephalus
Hydrocephalus is a well-known sequela of SAH (3, 18) . Like vasospasm, the amount and severity of SAH is a predictor of hydrocephalus (36) (37) (38) . Few studies have evaluated the effect of aneurysmal treatment modality on permanent shunting requirements. According to these studies, the incidence ranges from 6-67% and most of them have reported that coiling is more associated with increased risk than clipping (range of shunt requirement [clipped vs. coiled], 4.4-23% vs. 6-47.1%, respectively; 3, 18, 32). The reason why the rate of hydrocephalus is higher in coiling is that blood or clots are removed by irrigation or evacuation during surgery, but not during intravascular coiling (32) .
Incomplete Occlusion and Rebleeding
Many studies have reported that the incomplete occlusion rate of coiling is higher than clipping (rate of incomplete occlusion [clipped vs. coiled], 0.0-26.3% vs. 8.3-70.4%, respectively) and incomplete occlusion of aneurysms increases the risk of rebleeding. It is not clear how incomplete coil occlusion affects the bleeding rate (3, 10, 12, 18, 25, 28) . The main reason for incomplete occlusion was the peri-procedural situation, in that no further coils could be introduced in the aneurysmal sac (25) . Aneurysm size is an important factor for coil compaction and reopening over time, but the neck size does not significantly correlate with the occlusion rate (16, 25) .
Outcomes
The trend for coiling of aneurysms has grown. According to two prospective, randomized studies of patients with ruptured aneurysms, better outcomes were noted with coiling than clipping (10, 12) . Some case series have noted no difference in the overall clinical outcome between clipping and coiling (33, 39, 40) or better outcome with clipping (35) . However, many series have shown better outcomes in patients suitable for coiling than those treated with clipping, with mortality rates of 0.9% vs. 2.5%, respectively (29) . Disability was significantly higher in patients with clipping (2, 10, 12).
Global cognitive impairment and the risk of epilepsy were observed in coil and clipping, but no significant difference was observed with regard to quality of life, functional outcome, behavioral deficits, and executive functions (2, 12, 28, 41) .
Cost and Hospitalization
Although an economic cost-benefit analysis of different surgical and endovascular treatments is becoming increasingly important in the current health care environment, these studies are relatively few. Some studies have reported that coiling is more expensive than the cost of clipping without providing the additional benefit of decreased morbidity because there were higher procedure costs and a need for more frequent repeat treatments. The total cost of coiling is higher, but this difference is not statistically significant because the cost is substantially compensated by the shorter length of hospital stay in patients with coiling than clipping (2, 42, 43) .
Symptomatic vasospasm, post-treatment independency, and mortality rate had a significantly higher incidence in clipping, but incomplete occlusion and hydrocephalus were higher in coiling. There was no difference in procedural complications between both modalities. The rebleeding rate was higher in coiling, but it was not statistically significant. Most reports have shown that coiling is superior to surgery in clinical outcome (10, 12, 18, 43) . Surgery compared with endovascular treatment was associated with a longer hospitalization, but lower costs. There is a summary of the currently reported studies in Table 1 .
On the basis of published studies, clipping is more favorable in some situations, as follows: 1) the size of an aneurysm is < 5 mm in patients at low risk; 2) the size is > 5 mm in those with low-to-moderate risk; and 3) clipping would be more favorable in young patients. Otherwise, coiling would be more favorable, as follows: 1) the size of aneurysm is < 5 mm in patients with moderate risk; 2) apart from aneurysmal size, patients at high risk or old age; and 3) when the aneurysm is located in the posterior circulation or anterior communicating artery (2, 24, (41) (42) (43) (44) .
Unruptured Aneurysms
With the development of imaging techniques, the incidental detection rate of UIAs has increased. The appropriate management of UIAs remains controversial; however, there has been a tendency for treatment because UIAs have a risk of rupture and the prognosis of SAH is poor. Thus, the aim of treatment is not to avoid rebleeding, but preventive repair (9, 13, 16, 17, 19) . Various factors have influenced natural history and treatment outcomes: 1) patient factors, such as previous aneurysmal rupture, age, and co-existing medical conditions; 2) aneurysm characteristics, such as size, location, and morphology; and 3) management factors, such as the experience of the surgical or endovascular team and the treating hospital (13) . According to previously reported studies, there is a rupture rate of 0-0.05%/year in patients with aneurysms <10 mm in size, 1-3%/year in patients with aneurysms 10-24 mm in size, and 6-8% in patients with aneurysms ≥ 25 mm in size. Five-year cumulative rupture rates with aneurysms located in the internal carotid artery, anterior communicating or anterior cerebral artery, or middle cerebral artery were 0%, 2.6%, 14.5%, and 40% for aneurysms < 7 mm, 7-12 mm, 13-24 mm, and ≥ 25 mm in size, respectively, compared with rates of 2.5%, 14.5%, 18.4%, and 50%, respectively, for the same size categories involving the posterior circulation and posterior communicating artery aneurysms. These rates were often equal to or exceeded by the risks associated with surgical or endovascular repair of comparable lesions (13, 16, 17) . Although there is very little direct comparison between coiling and clipping in patients with UIAs only, the mortality, morbidity, and peri-procedural complication rate was 0-0.6%, 0.27-7%, and 10.1% in patients with coiling, respectively, and 0-7%, 0.9-10.9%, and 9.0-15.3% in those with clipping, respectively (9, 13, 16, 19, (45) (46) (47) (48) . Mortality and morbidity are higher in clipping, but the rate of peri-procedural complications is significantly different. Some literature recommends when treating UIAs, coiling should be considered the first treatment option. When aneurysms are unsuitable for coiling, surgical treatment could be considered as an alternative. Also, conservative treatment should be considered in the following situations: older patient age, decreased life expectancy, co-morbid medical conditions, and asymptomatic, very small aneurysms (≤ 2 mm; 13, 16). The final decision should be carefully considered about the risks and benefits of each treatment, including observation and patent preference.
CONCLUSION
The goal of this review was not to provide a discussion about which treatment modality is superior in patients with of ruptured aneurysms and UIA. Through a review of previously published results, we want to understand the two treatment modalities (coiling and clipping) properly and help determine which treatment modality will provide the best outcome with the lowest risk for each patient.
The trend and decision to treat with coiling or clipping is constantly changing due to advances in the techniques. Thus, a neurointerventional and neurosurgical team approach is important to the patient with intracranial aneurysms.
